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Description 

The invention relates to a dendritic macromolecule comprising a core and branches emanating from the core and 
a process for the preparation thereof. 

5 WO-A-9314147 describes a dendritic macromolecule comprising a core and branches, the branches being built 

up of propylamine units. WO-A-9314147 also describes a process for the preparation of a dendritic macromolecule, 
wherein a diamine, for example 1 ,4-diaminobutane, is reacted in a Michael-addition reaction with a vinyl cyanide, 
yielding a cyanide terminated reaction product. After removal of the excess acrylonitrile, the cyanide terminated reaction 
product is hydrogenated with hydrogen to an amine terminated reaction product. Both reactions are repeated alter- 

10 nately, so that a dendritic macromolecule with increasing generation is obtained. 

The dendritic macromolecule described in WO-A-9314147 has the disadvantage that the branches are always 
composed of eventually substituted propylamine units or derivatives thereof. The dendritic macromolecule described 
in WO-A-9314147 has the additional disadvantage that variation of the chemical composition and structure of the 
branches in successive generations is possible only to a limited extent. 

'5 The object of the invention is to provide a dendritic macromolecule in which the length of the branches can be 

increased and in which the chemical composition and structure of the branches in successive generations can be varied. 

This is achieved according to the invention in that the branches are prepared from halogen cyanide units composed 
of a monohalogenated hydrocarbon comprising 3-50 carbon atoms and at least 1 cyanide group, the halogen and the 
cyanide group being separated by at least three carbon atoms. 

20 The advantage of the dendritic macromolecule according to the invention is that the length, the chemical compo- 

sition and chemical structure of the branches and the degree of branching can be varied in each generation. 

Dendritic macromolecules according to the invention are prepared via alternate reaction steps, starting from a core 
molecule or initiator core. The reactions occurring during the synthesis proceed usually almost complete and selective. 
Hardly any undesirable side reactions occur, so that a dendritic macromolecule with an exactly defined chemical struc- 

25 ture is obtained. 

The molecules which can be used as core molecules according to the invention are molecules containing at least 
one functional group. Within the scope of the invention a functional group is a group which - in the presence of a suitable 
catalyst if so desired - acts as nucleophilic reagent in a nucleophilic substitution on a halogen cyanide. Possible nu- 
cleophilic groups are a hydroxyl group, a thiol group, primary, secondary or tertiary amines and carbon atoms forming 
30 a conjugated system with one or more electronegative groups. The nucleophilic group according to the invention is 
preferably a primary or secondary amine. 

Depending on the functional group's nature, it can react with one or more halogen cyanide units. If a functional 
group can react with r halogen cyanide units, it has r reactive sites. A secondary amine group can react with one 
halogen cyanide and thus has one reactive site. A primary amine group can react with two halogen cyanide units and 
35 thus has two reactive sites. 

Mostly, each functional group of the core molecule with r reactive sites can be made to react with a number of 
halogen cyanide units which is smaller than or equal to the number of reactive sites r. 

The molecules which according to the invention can be used as halogen cyanide unit are monohalogenated hy- 
drocarbons with 3-50 C-atoms, which in addition contain one or more cyanide groups, the halogen and the cyanide 
40 group being separated by at least 3 carbon atoms. Under this definition the carbon atom of the cyanide group does 
not form part of the 3-50 C-atoms of the hydrocarbon compound. The hydrocarbon compound is a saturated or un- 
saturated, linear or cyclic aliphatic group comprising at least three C-atoms. The hydrocarbon compound preferably 
has 3-15 C-atoms more preferably 3-7 C-atoms. The hydrocarbon compound may be branched or not. 

The hydrocarbon compound may contain one or more substituents. These substituents should be inert with respect 
4$ to the nucleophilic substitution reaction. Possible substituents are for example amide, ester and nitro groups. 

The halogen cyanide unit preferably contains chlorine or bromine as halogen. 

The halogen cyanide unit according to the invention generally contains 1 -20 cyanide groups, preferably 1 -5 cyanide 
groups, more preferably the halogen cyanide unit contains 1, 2 or 3 cyanide units. 

Examples of suitable aliphatic chlorocyanides are mono-, di- and polycyanides of n-propyl chloride, n-butyl chloride, 
50 isobutyl chloride, pentyl chloride, isopentyl chloride, neopentyl chloride, hexyl chloride, heptyl chloride, octyl chloride, 
nonyl chloride, decyl chloride. Examples of aliphatic bromocyanides are mono-, di- and polycyanides of n-propyl bro- 
mide, isobutyl bromide, n-butyl bromide, pentyl bromide, isopentyl bromide, neopentyl bromide, hexyl bromide, heptyl 
bromide, octyl bromide, nonyl bromide, decyl bromide. Examples of suitable cycloaliphatic cyanides are chlorometh- 
ylenecyclohexyl cyanide, bromomethylenecyclohexyl cyanide, chloromethylenecyclopentyl cyanide, bromom ethylene- 
's cyclopentyl cyanide. 

In a first preferred embodiment of the invention, a core molecule preferably contains 1-10 functional groups. A 
suitable core molecule can be chosen from, for example, the group comprising ammonia, water, methanol, polymeth- 
ylene diamines, such as hexamethylenediamine, ethylenediamine and 1 ,4-diaminobutane (DAB), diethylenetriamine, 
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triethylenetetramine, tetraethylenepentamine, linear and branched polyethyleneimine, methylamine, hydroxyethyl- 
amine, octadecylamine, polyaminoalkylarenes, for example, 1,3,5-tris(aminomethyl)-benzene, tris(aminoalkyl)amines, 
such as tris(aminoethyl)amine, heterocyclic amines, for example imidazolines and piperidines, hydroxyethylami- 
noethylamine, mercaptoethylamine, morpholine, piperazine, pentaerythritol, polyalkylene polyols, for example poly- 

s ethylene glycol and polypropylene glycol, glycols, for example ethylene glycol, polyalkylene polymercaptans, 1 ,2-dimer- 
captoethane, phosphine, e-aminocaproic acid, glycine, thiophenols, phenols, melamine and derivatives thereof, for 
example melaminetris(hexamethylene-diamine). Preferably, in the process according to the invention a core is used 
which is chosen from the group comprising polymethylenediamines, glycols and tris(1 ,3,5-aminomethyl)benzene. More 
preferably, 1,4-diaminobutane is used as core molecule. 

10 According to a second preferred embodiment of the invention a (co)polymer, which contains one of more of the 

above functional groups, is used as core for the dendritic macromolecule. Examples of such (co)polymers are styrene- 
maleimide copolymers, styrene-acrylonitrile copolymers, polyethyleneimine and polymers such as for example poly- 
propylene oxide, polystyrene and ethylene-propylene-diene copolymers, which are functional ized with one or more of 
the above functional groups, such as for example NH 2 -groups. 

15 According to a third preferred embodiment of the invention dendrimers of a low generation, for example the first, 

second and/or third generation, described in US-A-4507466, WO-A-9314147 and F. Vogtle et al., Synthesis, February 
1978, p. 155-158, are used as core for the dendritic macromolecule. In this case in particular, the functionality of the 
core molecule may be very high, 10-40 amine groups may be present, for example. The molecular weight of such core 
molecules is mostly higher than 200 and mostly lower than 5,000. 

20 From the core a number of branches prepared from halogen cyanide units emanate. If the reactions that occur 

proceed to completion, the total number of branches of the desired generation n can be calculated as follows. If g is 
the number of functional groups contained in the core, and r the number of reactive sites of each individual functional 
group, then the number of reactive sites of the core (r c ) equals the sum of the reactive sites r of ail functional groups. 
The maximum number of branches of the n th generation can be described as the number of reactive sites r c multiplied 

25 by r" 0 . If the reactions that occur do not proceed to completion, the number of branches will be smaller and will lie 
between r c and (r^r 0 ' 1 ). 

The dendritic macromolecule mostly contains 1-10 generations of branches, preferably 2-10, in particular 3-9. 
The molecular weight of the dendritic macromolecule according to the invention is mostly higher than 350, in 
particular higher than 1,000. The molecular weight is mostly lower than 100,000, in particular lower than 50,000. 
30 The dendritic macromolecule according to the invention has the advantage that the molecular weight of each 

generation can be predetermined. This can generally be achieved by varying among other things, the number of carbon 
atoms in the hydrocarbon chain of the halogen cyanide, the degree of branching, the number of cyanide groups and 
the nature and number of the substituents in two or more successive generations. 

The shape of the dendritic macromolecule is in part determined by the shape of the core molecule. If a small 
35 molecule or a spherical dendrimer is used as core molecule, a spherical dendritic macromolecule can be obtained. 

The shape of the dendritic macromolecule is also determined by the degree of branching, the length of the branches 
in the individual generations and the number of generations of which the dendritic macromolecule is composed. 

The dendritic macromolecule according to the invention has the advantage that the number of branches can be 
varied in each generation. This can for example be achieved by varying the number of cyanide groups in the halogen 
40 cyanide unit. If the halogen cyanide unit is a monocyanide, for example, the number of branches doubles with each 
generation. If desired, the degree of branching can be increased further by preparing the branches for example from 
a halogen cyanide which contains for example two cyanide groups or more. 

The dendritic macromolecule according to the invention can also comprise one or more generations with a lower 
degree of branching. This can be achieved by, among other things, not allowing every reactive site of a functional group 
45 to react. 

The invention has the additional advantage of the density of the dendritic macromolecule being adjustable. 

The dendritic macromolecule according to the invention preferably comprises one or more generations prepared 
from different halogen cyanide units. These branches can differ from one another as regards chemical composition 
and/or structure. 

so it is possible, for example, that the first generation of the dendritic macromolecule is prepared from a halogen 

cyanide with an unbranched hydrocarbon chain comprising nr^ carbon atoms, the second generation is prepared from 
a halogen cyanide with a branched hydrocarbon chain comprising rr^ carbon atoms, with * m 2 . The third generation 
of the dendritic macromolecule is for example prepared from a halogen cyanide with an unsaturated hydrocarbon chain 
comprising m 3 carbon atoms, which in addition contains a nitro group as substituent, with nr^ * m 2 * m 3 . 

55 As described in the foregoing, the dendritic macromolecule according to the invention is composed of a core and 

branches. The branches of the dendritic macromolecule contain units that correspond to formula 1: 
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- CH, - 
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c 



- R 4 



(formula 1) 



m 



io where 

i = 1, 2... m 

Rj 2 and Rj 3 are H or either a linear or cyclic aliphatic, aromatic, amide, ester or nitro group. Rj 2 and Rj 3 being the 
same or different, and Rj 2 and Rj 3 in different generations being the same or different 
is m > 2, whereby m in two successive generations can be the same or different 

R4is 



20 



R 5 is H or a unit of the next generation 
25 rs js H or a unit of the next generation, 

where R 5 and R 6 in each 



R 5 

CH 2 -N 



30 ^ K 



-CH 2 -N 



35 group and in each generation may be the same or different. 



The dendritic macromolecule generally contains at least four units corresponding to formula 1 , preferably more 
than six, and in particular more than 10 units according to formula 1 . 

The dendritic macromolecule preferably contains at least one generation of units that correspond to formula 1 . 
More preferably, the dendritic macromolecule contains at least two generations (k,l) of units that correspond to formula 
1 , it being particularly preferred for m k in generation k to differ from m t in generation 1 . 

As described in the foregoing, the dendritic macromolecule according to the invention is built up of a core and 
branches whereby the branches are built up of alkylamine units that contain 4-51 carbon atoms, wherein the linear 
part of the alkyl chain contains at least 4 carbon atoms and wherein the alkyl chain may be branched or not. 

US-A-4631 337 describes dense star polyamines, wherein the repeating unit contains alkylene amine units having 
from 2 to 6 carbon atoms. The polyamines described in US-A-4631 337 are prepared using the so-called protected 
reactant method, wherein a N-protected aziridine or azetidine is first reacted with an amine, after which the protective 
group is removed and an amine terminated reaction product is obtained. The amine terminated reaction product can 
again be reacted with respectively a N-protected aziridine or azetidine, to produce a dendrimer of the next generation. 
The process described in US-A-4631 337 can be suitably used for the preparation of polyethyleneamines or polypro- 
pyleneamines. The process described in US-A-4631 337 however is not suited for the preparation of polyalkyl-amines 
with 4 or more carbon atoms in the linear part of the alkyl chain, since the reagents needed in such a process such as 
pyrolidine and piperidine are inert and will not undergo the required ring opening reactions under the described reaction 
conditions. 

The present invention also relates to a process for the preparation of dendritic macromolecule comprising the 
steps a) through c): 

a) substantially every functional group of the core molecule is reacted with monomeric halogen cyanide units 
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b) substantially every incorporated cyanide group is hydrogenated to an amine 

c) substantially every amine group is reacted with monomeric halogen cyanide units, steps b) and c) being con- 
ducted alternately, 

5 whereby the process can be interrupted either after step a), b) or c). 

In the context of the present invention, substantially means at least 50%, preferably at least 80%, more preferably 
at least 90%. 

According to the invention it is also possible to conduct, in an interim step, instead of step c), a Michael addition 
reaction with a vinyl cyanide, as for example described in WO-A-931 41 47. 
10 Suitable vinyl cyanide units are for example described in WO-A-931 4147. Particularly suitable vinyl cyanide units 

which can be used according to the invention are acrylonitrile, methacrylonitrile and fumarodinitrile. 

According to the invention it is also possible to allow part of the reactive sites of an amine-terminated dendrimer 
to react with a first vinyl cyanide unit and subsequently allow the remaining reactive sites to react with a second vinyl 
cyanide, whereby the first and second vinylcyanide for example have a different chemical composition or structure. It 
is is possible, for example, to allow an amine-terminated dendrimer of generation VA to first react with fumarodinitrile and 
subsequently with acrylonitrile. 

Steps b) and c) are conducted alternately (n-1) times to obtain a macromolecule of the desired generation n. The 
value of n usually varies from 1 to 10, preferably n has a value of 2 or higher, in particular 3 or higher. 

To obtain a dendritic macromolecule of a particular generation, the above-mentioned nucleophilic substitution re- 
20 action and/or Michael addition reaction and the hydrogenation reaction are alternately repeated a number of times. 
After one nucleophilic substitution reaction a molecule of the first generation is obtained. After alternately conducting 
three substitution and/or addition reactions and two hydrogenation reactions a dendritic macromolecule of the third 
generation is obtained. 

It is possible to stop the process after a reaction step b). This yields an amine terminated dendritic macromolecule 
■25 of generation 1 1/2 , 2 1/2 or higher. 

It is possible to react each functional group with r reactive sites with r halogen cyanide units or less. It is possible, 
for example, to react a primary amine group with two halogen cyanide units. It is also possible to react a primary amine 
group with one halogen cyanide unit. In the latter case, the degree of branching of dendritic macromolecule does not 
increase; the existing branches will only become longer. 
30 it is also possible to react a primary amine group with a first halogen cyanide unit and subsequently react the 

secondary amine group thus formed with a second halogen cyanide unit, whereby the first and the second halogen 
cyanide units have different chemical composition and/or chemical structure. 

The nucleophilic substitution is generally carried out in solution. To this end, an amount of the core molecule or 
the amine terminated dendritic macromolecule is dissolved in a solvent. The solvent is chosen so that the desired 
55 reactions are most favourably influenced and undesired side reactions do not take place. It is thus important that under 
the conditions chosen the solvent does not react with the reagents, the functional groups of the core molecule or the 
dendritic macromolecule. 

A nucleophilic substitution reaction can generally be conducted in both protic and aprotic solvents. Suitable ex- 
amples of protic solvents are water, alcohols and carboxylic acids. Suitable examples of aprotic solvents are dimeth- 
40 ylformamide, dimethylsulphoxide, acetonitrile, N-methylpyrrolidone, sulphur dioxide, hexamethylphosphoramide. To 
obtain the desired polarity, mixtures of several solvents can be used. The solvent is preferably an alcohol, more pref- 
erably ethanol. 

The molar ratio of the amount of halogen cyanide relative to the number of reactive sites of the core is generally 
at least 0.5 and usually not higher than 20, preferably the ratio is between 1 and 5. 
45 To increase the reaction rate of the nucleophilic reaction a salt can be added. In general an alkali metal halide is 

used as salt, preferably an alkali metal iodide, more preferably sodium or potassium iodide. The alkali metal iodide is 
generally added in a molar ratio of 0.05 to 0.5 mole%, preferably 0.05-0.20 mole% with respect to the halogen cyanide. 

Often, a base is added during the nucleophilic substitution reaction, for example sodium or potassium carbonate. 
The ratio of the base to the halogen cyanide is generally at least 0.5 and mostly not higher than 3 equivalents. 
so The nucleophilic substitution according to the invention is mostly carried out at an elevated temperature. In a 

preferred embodiment the nucleophilic substitution is conducted at a temperature which is approximately equal to the 
boiling point of the solvent used. The temperature at which the nucleophilic substitution is carried out mostly lies be- 
tween 0 and 200°C, preferably between 0 and 200°C, most preferably between 65 and 90 °C. 

The nucleophilic substitution is mostly conducted at atmospheric pressure. The nucleophilic substitution can also 
55 be conducted at elevated pressure. 

Mostly, the product obtained from the nucleophilic substitution is purified. This can be done by, for example, a 
distillation or an extraction. 

The cyanide group of the cyanide terminated reaction product thus formed is subsequently hydrogenated to an 
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amine group via a hydrogenation reaction. 

The solvent used in the hydrogenation according to the invention is an alcohol that contains an amount of ammonia, 
the molar ratio of ammonia relative to the number of cyanide groups being higher than 0.8. Minimal poisoning of the 
catalyst used in the hydrogenation reaction can be achieved if the molar ratio of ammonia relative to the number of 
s cyanide groups is lower than 50. Mostly, the hydrogenation reaction proceeds with good selectivity if the molar ratio 
of ammonia relative to the number of cyanide groups is lower than 20. 

Suitable alcohols are for example low-boiling alcohols, such as methanol, ethanol, isopropanol and the like. If 
desired, a mixture of different alcohols can be used. The alcohol is preferably methanol. If desired, a mixture of one 
or more alcohols and water can be used. 
10 The water : alcohol weight ratio mostly lies between 1 :50 and 2:1 . The water : alcohol weight ratio preferably lies 

between 1:10 and 1:1. 

The hydrogenation reaction can for example take place through reaction of the incorporated cyanide groups with 
H 2 -gas. If a complete hydrogenation is desired, the molar ratio of H 2 to cyanide groups should be at least 2. If this 
molar ratio is lower than 2 no full hydrogenation takes place. 

15 The hydrogenation step is mostly carried out in the presence of a suitable catalyst. In general a hydrogenation 

catalyst is used, preferably a heterogeneous hydrogenation catalyst. 

The catalyst which can be suitably used according to the invention comprises for example a metal from group VIII 
of the periodic system of elements as depicted in Handbook of Chemistry and Physics, CRC Press 70th edition 
1989-1990. Nickel, cobalt, platinum, palladium and rhodium can readily be used. In order for the catalyst to have a 

20 high catalytic activity, it should preferably have a large active metal surface area. The metal can be used as such or 
on a suitable support. 

Raney nickel or Raney cobalt as for example described in US-A-1628190 are suitable as catalyst for the hydro- 
genation according to the invention. 

Raney nickel mainly comprises nickel and aluminium, the latter in the form of metallic aluminium, aluminium oxides 
25 and/or aluminium hydroxides. To the Raney nickel small amounts of other metals can be added, such as iron and/or 
chromium, in elemental or bound form, to enhance the activity and selectivity for the hydrogenating of certain groups 
of compounds. A Raney cobalt catalyst contains aluminium and may be provided with promoters. If desired, the catalyst 
may be washed, for example with the solvent of the hydrogenation reaction, with an alcohol, with a mixture of various 
alcohols or a mixture of water and one or more alcohols. Suitable alcohols are for example methanol, ethanol, isopro- 
30 pano! and the like. 

The optimal amount of catalyst that can be used in the reactor in the hydrogenation of the cyanide-terminated 
product depends on the reactor type used. A person skilled in the art can easily determine the appropriate amount of 
catalyst for any desired reactor. 

Mostly, in the process according to the invention the weight ratio of the required amount of catalyst (dry) to the 
35 weight of the dendritic macromolecule is higher than 10%. The required amount of catalyst (dry) with respect to the 
weight of the cyanide-terminated dendritic macromolecule is preferably more than 12% and less than 50%. 

The amount of cyanide-terminated product with respect to the total weight of the reaction mixture, that can be used 
in the hydrogenation reaction according to the invention is mostly at least 10 wt.%, preferably at least 20 wt.%. 

The hydrogenation reaction can for example be conducted in a closed reactor under a h^-atmosphere. The total 
40 pressure in the reactor is mainly the result of the hydrogen and ammonia present at a particular temperature and lies 
mostly between 0.1 and 500 MPa, preferably between 1 and 20 MPa and most preferably between 1 and 10 MPa. The 
hydrogen pressure prevailing in the reactor is mostly more than 0.1 MPa, preferably more than 1 MPa. 

The reaction temperature is not critical and lies mostly between 0 and 200°C, preferably between 10 and 150°C, 
more preferably between 50 and 1 1 0°C. After the hydrogenation reaction a product that contains terminal amine groups 
45 is obtained. 

After of the hydrogenation reaction is terminated, the catalyst is often separated from the reaction mixture. This 
can be achieved for example by cooling the reactor under a Hg-atmosphere and, after discharging the H 2 , purging the 
reactor with inert gas and filtering the reactor contents. The filtrate contains the dendrimers in solution. 

It is also possible to filter off the catalyst in a H 2 -atmosphere. This can be done, for example, by placing a so-called 
50 filter candle in the reactor, which is a filter from sintered metal. The filtrate is removed from the reactor via the inner 
space of the filter, while the catalyst remains in the reactor on the outside of the filter. The advantage of this method 
is that the reactor can remain pressurized so that several hydrogenation reactions can be conducted in succession 
and hydrogen deficiency of the catalyst is avoided. 

With the process according to the invention it is also possible to use a regenerated catalyst. The catalyst can for 
55 example be regenerated by treating a used catalyst with a caustic solution, for example a solution of NaOH in water, 
for a few hours, at a temperature of between 50 and 70°C. After filtering, the catalyst is subsequently washed with 
deionized water until the pH of the wash water is approximately neutral. The catalyst is stored under water. 

The dendritic macromolecule obtained can be wholly or partially modified with all kinds of functional groups if so 
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desired. This can be achieved by, for example, wholly or partially reacting the amine or cyanide groups present with 
suitable reagents, optionally in the presence of a suitable catalyst. Examples of such reagents are a,p-unsaturated 
compounds substituted with electronegative groups, unsaturated aliphatic esters and amides, such as acrylic ester, 
methacrylic ester, crotyl ester, methylvinyl ketone, acrolein and acrylic amide, polyamides such as nylon 4,6, nylon 6, 

5 nylon 6,10, nylon 8, epoxides such as ethylene oxide and propylene oxide, acid halides, such as acid chlorides, acryloyl 
chloride, stearic acid chloride, epichlorohydrin, alkyl halides such as ethylbromoacetate and allyl bromide, aryl halides 
such as benzylchloride, tosyl halides such astosyl chloride, anhydrides such as phthalic anhydride, glutaric anhydride, 
dicarboxylic acids such as terephthalic acid, adipic acid, chlorosulphonic acid, diols, (ajcyclic aldehydes such as for- 
maldehyde, acetaldehyde, hexanal, aromatic aldehyde such as benzaldehyde, pentafluorobenzaldehyde and param- 

10 ethoxy-benzaldehyde, pyridine-aldehydes, p-formylphenylacetic acid and 1,4,5,8-naphthalenetetraacetaldehyde, ke- 
tones such as derivatized cyclohexanones (e.g. HALS compounds), lactones, such as caprolactone, isocyanates such 
as stearoylisocyanate phosphate esters as for example described in US-A-3855364, molecules with a chiral centre 
such as lactide and activated amino acids. However, this list is by no means exhaustive and is therefore non-limiting. 
The dendritic macromolecules according to the invention can be used in many applications. 

15 in Angew. Chem. Int. Ed. Engl. 29 (1990), pp. 138-175 various possible applications of dendritic macromolecules 

are mentioned, for example the use of dendritic macromolecules to calibrate sieves, as catalyst (carriers), as selective 
membranes, the use of dendritic macromolecules in the electronics sector and in coatings, but the use of dendritic 
macromolecules as impact modifier or as crosslinking agent in various plastics is also conceivable. 
The invention will be elucidated with reference to the examples below, without being limited thereto. 

20 

Examples 
Example I 

25 15 ml of ethanol and 2.3 g of 1 ,4-diaminobutane (DAB) were introduced into a 50-litre three-neck flask equipped 

with a stirrer and a reflux condenser. To this mixture 16.2 g of 4-chlorobutyronitrile (CBN, 1-chloropropane-3-cyanide), 
200 mg of sodium iodide and 7.9 g of potassium carbonate were added. The reaction mixture thus obtained was heated 
at 78°C under hydrogen for 72 hours. The reaction product was isolated by evaporating the ethanol, upon which the 
residue was dissolved in 75 ml of dichloromethane and dried over sodium sulphate, filtered off, and subsequently 

50 heated at 100°C for 30 minutes to remove the excess 4-chlorobutyronitrile. The yield was 69%. 

The isolated product was analyzed with the aid of IR 1 H- and 13 C-NMR and mass spectrometry, which revealed 
that the product was 4-cascade:1,4-diaminobutane[4]-butyronitrile DAB((CH 2 ) 3 CN)4). 

Example II 

35 

5,6 grams of Raney cobalt catalyst (wet) (type Grace 2724 from the Grace company (according to the manufacturer 
the composition contains 78-96 wt.% Co, 0.5-5 wt.% Cr, 0.5-5 wt.% Ni and 3-12 wt% Al)) were washed once with 25 
ml of methanol at a temperature of 20°C. Next, the catalyst was transferred to the autoclave, upon which methanol 
was added to a total methanol weight of 52.7 grams. Finally, about 22.7 grams of DAB((CH 2 ) 3 CN) 4 in powdered form 
40 were added. About 15 wt.% of dry catalyst was added, referred to DAB((CH 2 ) 3 CN) 4 . 

After closing the autoclave, stirring of the reaction mixture was started and the autoclave was purged three times 
with N 2 -gas and three times with H 2 -gas. After pressure-relieving, about 6.5 grams of liquid ammonia were dosed to 
the autoclave. The molar ratio of ammonia and DAB((CH 2 ) 3 CN) 4 was about 4.9. The autoclave was subsequently 
heated to 65° at a H 2 -pressure of 80 bar, with stirring. 
45 The reaction was stopped after 20 minutes and the autoclave was cooled to room temperature under hydrogen. 

Next, the H 2 was discharged, the autoclave was purged three times with N 2 -gas, and upon opening of the autoclave 
the contents were immediately filtered. 

The isolated product was analyzed with the aid of 13 C NMR spectroscopy, which revealed that the product obtained 
was 4-cascade:1,4-diaminobutane[4]-butylamine (DAB((CH 2 ) 4 NH 2 )4). The conversion was virtually complete. 

50 

Example III 

The procedure described in Example I was repeated, 3 g of 1 ,6-diaminohexane (DAH) being dissolved as substrate 
in 25 ml of ethanol. To this mixture 1 6.2 g of 4-chlorobutyronitrile (CBN), 200 mg of sodium iodide and 7.9 g of potassium 
55 carbonate were added. The reaction mixture thus obtained was heated for 48 hours at 78°C under a hydrogen atmos- 
phere. The conversion of DAH was 100%. 

The reaction product was isolated by adding 75 ml of water to the reaction mixture, followed by three extractions 
with 50 ml of ether. After washing with 30 ml of water, drying over sodium sulphate, evaporation and 30 minutes' heating 
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at 100 °C to remove the excess 4-chlorobutyronitrile, the yield was 62%. 

The isolated product was analyzed with the aid of 1 H- and 13 C-NMR and mass spectrometry, which revealed that 
the product was 4-cascade:1,4-diaminohexane[6]:butyronitrile (DAH(BN) 4 ). 

13 C-NMR (CDCI 3 ), DAH(BN) 4 : 119.796 ppm (CN 4x); 53.519 ppm (CH 2 H 2x); 52.034 ppm (NCH 2 CH 2 CH 4x); 27.331 
5 ppm (NCH 2 CH 2 CH 2 CH 2 x); 26.81 6 ppm (NCH 2 CH 2 CH 2 CH 2 2x); 23.226 ppm (NCH 2 CH 2 CH 2 CH 4x); 1 4.7 ppm (CH 2 CN 
4x). 

Example IV 

*o Example I was repeated, 2 g 4-cascade: 1 ,4-diaminobutane[4]propylamine (DAB(PA),) being used as substrate. 

7.9 g of 4-chlorobutyronitrile and 114 mg of sodium iodide and 3.9 g of potassium carbonate were added to the reaction 
mixture. The reaction mixture thus obtained was heated at 78°C for 72 hours under hydrogen. 

The reaction product was isolated by evaporating ethanol, dissolving the residue in 75 ml of dichloromethane, 
filtering and after-drying over sodium sulphate. Next, the dichloromethane was evaporated. The excess 4-chlorobuty- 

'5 ronitrile was removed by heating at 100 °C for 30 minutes. The yield was 69%. 

The isolated product was analyzed with the aid of 1 H- and 13 C-NMR and mass spectroscopy, which revealed that 
the product was 8-cascade:1,4-diaminobutane[4]:(1-azabutylidene) 4 :butyronitrile (DAB(PA) 4 [(CH 2 ) 3 CN] 8 ). 
13 C-NMR (CDCI 3 ); DAB(PA) 4 ((CH 2 ) 3 CN) 6 : 119.83 ppm (CN 8x), 53.86 (NCH 2 CH 2 CH 2 CH 2 2x); 51.998 ppm 
(NCH 2 CH 2 CH 2 N 4x and NCH 2 CH 2 CH 2 CH 9x); 51.551 ppm (NCH 2 CH 2 CH 2 N 4x); 24.912 ppm (NCH 2 CH 2 CH 2 2x); 

20 24.404 (NCH 2 CH 2 CH 2 N4x); 23.128 ppm (NCH 2 CH 2 CH 2 CN8x). 

Example V 

Example II was repeated, 11.23 grams of Raney cobalt catalyst (wet) being washed once with about 25 ml of 
25 methanol at a temperature of 20°C, and subsequently transferred to the autoclave, upon which methanol was added 
to a total methanol weight of 50 grams. Finally, about 29.5 grams of DAB(PA) 4 ((CH 2 ) 3 CN) 8 were added. About 24.9% 
catalyst referred to DAB(PA) 4 ((CH 2 ) 3 CN) 8 was added. About 4.5 grams of liquid ammonia was dosed to the autoclave. 
The molar ratio of ammonia to DAB(PA) 4 ((CH 2 ) 3 CN) 8 was about 8.5. DAB(PA) 4 ((CH 2 ) 3 CN) 8 was reduced to DAB(PA) 4 
(BA) e (8-cascade:1,4-diaminobutane[4]:(1-azabutylidene) 4 :butylamine) in 200 minutes at 46°C and a H 2 pressure of 
30 80 bar. 

The isolated product was analyzed with the aid of 13 C-NMR spectroscopy, which revealed that the product obtained 
was DAB(PA) 4 (BA) 8 . 

Example VI 

35 

Example IV was repeated, about 1 mmol DAB(PA) 4 (BA) 8 being used as substrate. 3 g of 7-bromoheptanenitrile 
(HN), 25 mg of sodium iodide and 0.75 g of potassium carbonate were added to the reaction mixture. The conversion 
was 100%. 

. The reaction product was isolated as described in Example I. To remove the excess 7-bromoheptanenitrile the 
40 residue was heated at 1 30°C for 2 hours. The yield of DAB(PA) 4 (BA) 8 (HN) 16 was about 95%. 

The isolated product was analyzed with the aid of 1 H- and 13 C-NMR and mass spectrometry, which revealed that 
the product was DAB(PA) 4 (BA) 8 (HN) 16 . 

Example VII 

45 

Example IV was repeated, about 2 g of 16-cascade:1 ,4-diaminobutane[4):(1-azabutylidene) 12 :- propylamine (DAB 
(PA) 16 ) being dissolved as substrate in 1 5 ml of ethanol, to which about 5.9 g of 4-chlorobutyronitrile, 2.9 g of potassium 
carbonate and 86 mg of sodium iodide were added. The conversion was 100%. The reaction product was isolated as 
described in Example I. The yield was 76%. 
50 The isolated product was analyzed with the aid of 1 H- en 13 C-NMR and mass spectrometry, which revealed that 

the product was (DAB)(PA) 16 ((CH 2 ) 3 CN) 32 . 

1 3 C-NMR (in CDCI 3 ); DAB(PA) 16 (CH 2 ) 3 CN) 32 : 120 ppm (CN 32x); 52 ppm (NCH 2 90x); 24.34 ppm (NCH 2 CH 2 CH 2 N 
30x), 23.125 ppm (NCH 2 CH 2 CH 2 CH 32x); 14.725 ppm (CH 2 CH 32x). 

55 Example VIII 

Example I was repeated, 0.5 g of 4-cascade:1 ,4-diaminobutane[4]:butylamine (DAB(BA) 4 ) being dissolved as sub- 
strate in 1 5 ml of ethanol, to which 3.6 g of 7-bromoheptanenitrile (HN), 40 mg of sodium iodide and 0.96 g of potassium 
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carbonate were added. The conversion was 100%. 

The reaction product was isolated as described in Example I. To remove the excess 7-bromoheptanenitrile the 
residue was heated at 1 30°C for 2 hours. The yield of DAB(BA 2 ) 4 (HN) 8 was 1 .98 g (100%). 

The isolated product was analyzed with the aid of 1 H- and 13 C-NMR and mass spectrometry, which revealed that 
5 the product was (DAB)(BA) 4 (HN) 8 . 

Example IX 

Example VIII was repeated, 1 g of DAB(PA) 16 being used as substrate, to which 5.4 g of 7-bromo-heptanitrile, 50 
10 mg of sodium iodide and 1 .44 g of potassium carbonate were added. The conversion was 1 00%. 

The reaction product was isolated as described in Example I. The yield of DAB(PA) 16 (HN)3 2 was 3.2 g (- 100%). 
The isolated product was analyzed with the aid of 1 H - and 13 C-NMR and mass spectrometry, which revealed that 
the product was (DAB)(PA) 16 (HN) 32 . 

13 C NMR (CDCI 3 ), DAB(PA) 16 (HN) 32 ; 119.948 ppm (CH 32x). 50 ppm (N-CH 2 90x); 30-20 ppm (CH 2 CH 2 CH 2 94x); 
15 17.01 ppm (CH 2 CH32x). 

Example X 

1 equivalent of DAB(BA) 4 was dissolved in a 10-fold excess of tetrahydrofuran, to which a catalytic amount of 
20 water was added, via a dropping funnel 4.4 equivalents of fumarodinitrile (FCNg) dissolved in a 30-fold excess of 
tetrahydrofuran, were added dropwise, with stirring. N 2 was passed through the ice-water-cooled dendrimer solution. 
After all fumarodinitrile had been added the mixture was stirred for 1 hour at 1°C. After reaction tetrahydrofuran was 
removed by evaporation. The conversion was 100%. 

The isolated reaction product was analyzed with the aid of 1 H- and 13 C-NMR and mass spectrometry and was 
25 found to be DAB(BA) 4 ((FCN 2 ) 4 . 

Next, 1 equivalent of DAB(BA) 4 (FCN 2 ) 4 was dissolved in tetrahydrofuran to which 4.4 equivalents of acrylonitrile 
(ACN) were added as described above. The conversion was about 90%. 

The isolated reaction product was analyzed with the aid of 1 H- and 13 C-NMR and mass spectrometry and was 
found to be DAB(BA) 4 ((FCN 2 ) 4 (ACN) 4 ). 

30 

t 

Example XI 

The product obtained in Example X DAB(BA) 4 ((FCN 2 ) 4 (ACN) 4 ) was hydrogenated as described in Example V. 
To this end, about 30 g of DAB(BA) 4 ((FCN 2 ) 4 (ACN) 4 ) were introduced into the reactor. About 30% catalyst referred 
35 to DAB(BA) 4 ((FCN 2 ) 4 (ACN) 4 ) was added. The molar ratio of ammonia to DAB(BA) 4 ((FCN 2 ) 4 (ACN) 4 ) was about 9. 

The isolated product was analyzed with the aid of 13 C-NMR spectrometry, which revealed that the product obtained 

was 



40 DAB(BA) 4 ((-CH-<CH 2 ) 2 -NH 2 ) 4 (PA) 4 ). 

CH 2 
I 

m 2 

45 

Claims 

1. Dendritic macromolecule, comprising a core and branches emanating from the core, characterized in that the 
50 branches are prepared starting from the core via a nucleophilic substitution reaction from halogen cyanide units 

composed of a monohalogenated hydrocarbon compound with 3-50 carbon atoms and at least one cyanide group, 
the halogen and the cyanide group being separated from one another by at least 3 carbon atoms. 

2. Dendritic macromolecule according to claim 1 , 

55 characterized in that the halogen cyanide unit comprises 1 -20 cyanide groups. 

3. Dendritic macromolecule according to any one of Claims 1-2, characterized in that the halogen is chlorine or 
bromine. 
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4. Dendritic macromolecule comprising a core and branches emanating from the core, characterized in that the 
branches are built up of aikylamine units that contain 4-51 carbon atoms, wherein the linear part of the alkyl chain 
contains at least 4 carbon atoms and wherein the alkyl chain may be branched or not. 

5 5. Dendritic macromolecule according to any one of Claims 1 -4, characterized in that the core comprises a hydroxyl 
group, a primary amine group and/or a secondary amine group as functional group. 

6. Dendritic macromolecule according to claim 5, 

characterized in that the core is chosen from the group of polymethylenediamines, glycols and tris-(1 ,3,5-ami- 
io nomethyl)benzene, a (co)polymer and a dendritic macromolecule. 

7. Dendritic macromolecule according to any one of Claims 1 -6, a number of generations of branches being present, 
characterized in that the number of branches of the n m generation exceeds the number of reactive sites r c of the 
core and is equal to or smaller than the number of reactive sites r c of the core multiplied by r"* 1 , where r is the 

is number of reactive sites of each functional group. 

8. Dendritic macromolecule according to any one of Claims 1 -7, characterized in that the number of generations n 
is 1-10. 

20 9. Dendritic macromolecule according to any one of Claims 1-8, with a number of generations being present, 

characterized in that the chemical composition and/or structure of the branches of the n th generation differ from 
the chemical composition and/or structure of the (n + 1)* generation. 

10. Dendritic macromolecule whose branches contain units that correspond to the formula 

25 



- R* (formula 1) 

Ml 



30 



CH ? - 



Ri 2 



R* 3 



where 

35 

i=1,2...m 

Ri 2 and R { 3 is H or either linear or cyclic aliphatic, an aromatic, amide, ester or nitro group, Rj 2 and Rj 3 being 

the same or different, and Rj 2 and Rj 3 in different generations being the same or different m > 2, 

R*is 




CH 2 -N 

R 5 is H or a unit from the next generation 
R 6 is H or a unit from the next generation, 
where R 5 and R 6 in each 




group and in each generation may be the same or different. 
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11. Dendritic macromolecule according to Claim 10, characterized in that at least four units that correspond to formula 
1 are present. 

12. Process for preparing a dendritic macromolecule, according to any one of Claims 1-11, characterized in that the 
5 process comprises the steps a) through c): 

a) substantially every functional group of the core molecule is reacted with halogen cyanide units via a nucle- 
ophilic substitution reaction 

b) substantially every incorporated cyanide group is reduced to an amine 

io c) substantially every amine group is reacted with monomeric halogen cyanide units via a nucleophilic substi- 

tution reaction, 

wherein steps b) and c) are conducted alternately and wherein the process can be interrupted either after step a), 
b) or c). 

75 

1 3. Process according to Claim 1 2, characterized in that reaction steps a) and c) are conducted in solution, the solvent 
belonging to the group comprising water, alcohols and carboxylic acids. 

14. Process according to Claim 13, characterized in that the solvent is ethanol. 

20 

15. Process according to Claim 12, characterized in that in interim steps instead of step c) substantially every amine 
group is reacted with vinyl cyanide units in a Michael addition. 

16. Process according to Claim 15, characterized in that the vinyl cyanide is chosen from the group consisting of 
25 acrylonitrile, methacrylonitrile and fumarodinitrile. 

17. Process according to any one of Claims 12-15, characterized in that the solvent in which the hydrogenation reaction 
takes place is an alcohol that contains an amount of ammonia, the molar ratio of ammonia to the number of cyanide 
groups being higher than 0.8 and lower than 50. 

30 

18. Process according to any one of claims 12-17, characterized in that the catalyst used in the hydrogenation reaction 
is Raney nickel or Raney cobalt. 

19. Process according to any one of Claims 12-18, characterized in that the weight ratio of the amount of catalyst to 
35 the cyanide-terminated dendrimer in the hydrogenation reaction is lower than 50 wt.%. 

Patentanspruche 

40 1. Dendritisches Makromolekul, welches einen Kern und vom Kern ausgehende Verzweigungen umfaBt, dadurch 
gekennzeichnet, daB die Verzweigungen ausgehend vom Kern uber eine nucleophile Substitutionsreaktion aus 
Halogencyanid-Einheiten hergestellt sind, die aus einer monohalogenierten Kohlenwasserstoff-Verbindung mit 3 
bis 50 Kohlenstoffatomen und zumindest einer Cyanid-Gruppe bestehen, wobei das Halogen und die Cyanid- 
Gruppe voneinander durch zumindest 3 Kohlenstoffatome getrennt sind. 

45 

2. Dendritisches Makromolekul nach Anspruch 1, dadurch gekennzeichnet, daB die Halogencyanid-Einheit 1 bis 20 
Cyanid-Gruppen umfaBt. 

3. Dendritisches Makromolekul nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB das Halogen Chlor oder Brom 
50 ist. 

4. Dendritisches Makromolekul, welches einen Kern und vom Kern ausgehende Verzweigungen umfaBt, dadurch 
gekennzeichnet, daB die Verzweigungen aus Alkylamin-Einheiten aufgebaut sind, die 4 bis 51 Kohlenstoffatome 
enthalten, wobei der lineare Teil der Alkyl-Kette zumindest 4 Kohlenstoffatome enthalt, und wobei die Alkyl-Kette 

55 verzweigt sein kann oder nicht. 

5. Dendritisches Makromolekul nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, daB der Kern eine 
Hydroxy l-Gruppe, eine primare Amin-Gruppe und/oder eine sekundare Amin-Gruppe als funktionelle Gruppe um- 
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faBt. 



6. Dendritisches Makromolekul nach Anspruch 5, dadurch gekennzeichnet, daB der Kern ausgewahlt ist aus der 
Gruppe von Polymethylendiaminen, Glykolen undTris-(1 ,3,5-aminomethyl)-ben2ol, einem (Co)polymer und einem 
5 dendritischen Makromolekul. 



7. Dendritisches Makromolekul nach einem der Anspruche 1 bis 6, wobei eine Anzahl von Generationen von Ver- 
zweigungen vorliegt, dadurch gekennzeichnet, daG die Anzahl von Verzweigungen der n.ten Generation die Anzahl 
reaktiver Stellen r c des Kerns ubersteigt und kleiner oder gleich ist der Anzahl reaktiver Stellen r c des Kerns mul- 

io tipliziert mit r n ' 1 , worin r die Anzahl reaktiver Stellen jeder funktionellen Gruppe ist. 

8. Dendritisches Makromolekul nach einem der Anspruche 1 bis 7, dadurch gekennzeichnet, daft die Anzahl von 
Generationen n 1 bis 10 betragt. 

*5 9. Dendritisches Makromolekul nach einem der Anspruche 1 bis 8, wobei eine Anzahl von Generationen vorliegt, 
dadurch gekennzeichnet, daft sich die chemische Zusammensetzung und/oder Struktur der Verzweigungen der 
n.ten Generation von der chemischen Zusammensetzung und/oder Struktur der (n-1).ten Generation unterschei- 
den. 



20 10. Dendritisches Makromolekul, dessen Verzweigungen Einheiten der Formel: 



25 



CH 2 - 



v 

C 



- R 4 



( Formel ( 1 ) ) 



Jtn 



30 enthalten, worin i = 1 , 2, ... m; Rj 2 und Rj 3 H oder entweder eine lineare Oder cyclische aliphatische, eine aroma- 

tische, Amid-, Ester- oder Nitro-Gruppe bedeuten, wobei Rj 2 und Rj 3 gleich oder verschieden sind, und Rj 2 und 
Rj 3 in verschiedenen Generationen gleich oder verschieden sind; m > 2; 



35 



40 



R* 

R 5 

/ 

CH,-N 



darstellt; 

R 5 H oder eine Einheit der nachsten Generation ist; R 6 H oder eine Einheit der nachsten Generation bedeutet; 
wobei R 5 und R 6 in jeder Gruppe 



50 




und in jeder Generation gleich oder verschieden sein konnen. 

11. Dendritisches Makromolekul nach Anspruch 10, dadurch gekennzeichnet, daB zumindest vier Einheiten der For- 
55 mel (1) vorliegen. 

12. Verfahren zur Herstellung eines dendritischen Makromolekuls nach einem der Anspruche 1 bis 11, dadurch ge- 
kennzeichnet, daB das Verfahren die Schritte a) bis c) umfaGt: 
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a) im wesentlichen jede funktionelle Gruppe des Kernmolekuls wird mit Halogencyanid-Einheiten uber eine 
nucleophile Substitutionsreaktion umgesetzt; 

b) im wesentlichen jede enthaltene Cyanid-Gruppe wird zu einem Amin reduziert; 

c) im wesentlichen jede Amin-Gruppe wird mit monomeren Halogencyanid-Einheiten uber eine nucleophile 
5 Substitutionsreaktion umgesetzt; 

wobei die Schritte b) und c) abwechselnd durchgefuhrt werden, und wobei das Verfahren entweder nach 
Schritt a), b) Oder c) unterbrochen werden kann. 

10 13. Verfahren nach Anspruch 12, dadurch gekennzeichnet, daB die Reaktionsschritte a) undc) in Losung durchgefuhrt 
werden, wobei das Losungsmittel zur Wasser, Alkohole und Carbonsauren umfassenden Gruppe gehdrt. 

14. Verfahren nach Anspruch 13, dadurch gekennzeichnet, dafJ das Losungsmittel Ethanol ist. 

J5 15. Verfahren nach Anspruch 12, dadurch gekennzeichnet, daG in Zwischenschritten anstelle von Schritt c) im we- 
sentlichen jede Amin-Gruppe mit Vinylcyanid-Einheiten in einer Michael-Addition umgesetzt wird. 

16. Verfahren nach Anspruch 15, dadurch gekennzeichnet, da(3 das Vinylcyanid ausgewahlt wird aus der Gruppe 
bestehend aus Acrylnitril, Methacrylnitril und Fumardinitril. 

20 

17. Verfahren nach einem der Anspruche 12 bis 15, dadurch gekennzeichnet, da(3 das Losungsmittel, in dem die 
Hydrierungsreaktion stattfindet, ein Alkohol ist, der eine Menge an Ammoniak enthalt, wobei das Molverhaltnis 
von Ammoniak zur Anzahl von Cyanid-Gruppen hoher als 0,8 und niedriger als 50 ist. 

25 18. Verfahren nach einem der Anspruche 12 bis 17, dadurch gekennzeichnet, da3 der in der Hydrierungsreaktion 
verwendete Katalysator Raney-Nickel oder Raney-Kobatt ist. 

19. Verfahren nach einem der Anspruche 12 bis 18, dadurch gekennzeichnet, daB das Masseverhaltnis der Menge 
an Katalysator zum Dendrimer mit terminalem Cyanid in der Hydrierungsreaktion niedriger ist als 50 Masse-%. 

30 

Revendications 

1. Macromolecule dendritique comprenant un noyau et des ramifications partant du noyau, caracterisee en ce que 
35 les ramifications sont pr6parees, en partant du noyau, par une reaction de substitution nucleophile a partir de 

motifs halogenocyanure constitues d'un compose de type hydrocarbure monohalogene ayant de 3 a 50 atomes 
de carbone et comportant au moins un groupe cyanure, I'halogene et le groupe cyanure etant separes Tun de 
I'autre par au moins 3 atomes de carbone. 

40 2. Macromolecule dendritique seton la revendication 1 , caracterisee en ce que le motif halogenocyanure comprend 
1 -20 groupes cyanure. 

3. Macromolecule dendritique selon la revendication 1 ou 2, caracterisee en ce que I'halogene est le chlore ou le 
brome. 

45 

4. Macromolecule dendritique comprenant un noyau et des ramifications partant du noyau, caracterisee en ce que 
les rameaux sont constitues de motifs alkylamine qui contiennent 4-51 atomes de carbone, la partie lineaire de la 
chaine alkyle contenant au moins 4 atomes de carbone et la chame alkyle pouvant etre ramifiee ou non. 

50 5. Macromolecule dendritique selon Tune quelconque des revendications 1 a 4, caracterisee en ce que le noyau 
comprend un groupe hydroxy, un groupe amino primaire et/ou un groupe amino secondaire, en tant que groupe 
fonctionnel. 

6. Macromolecule dendritique selon la revendication 5, caracterisee en ce que le noyau est choisi parmi des poly- 
55 methylenediamines, des glycols et des tris(1 ,3,5-aminomethyl)benzenes, un (co)polymere et une macromotecule 

dendritique. 

7. Macromolecule dendritique selon Tune quelconque des revendications 1 a 6, un nombre de generations de ra- 
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meaux etant prSsentes, caracterisee en ce que le nombre des rameaux de la n"* me generation excede le nombre 
de sites reactifs r c du noyau et est egal ou inferieur au nombre de sites reactifs r c du noyau multiplie par r 0 ' 1 , r 
etant le nombre de sites reactifs de chaque groupe fonctionnel. 

8. Macromolecule dendritique selon Tune queiconque des revendications 1 a 7, caracterisee en ce que le nombre 
de generations n va de 1 a 10. 



70 



9. Macromolecule dendritique selon Tune queiconque des revendications 1 a 8, un nombre de generations etant 
presentes, caracterisee en ce que la composition chimique et/ou la structure chimique des rameaux de la n ifeme 
generation differe de la composition chimique et/ou de la structure chimique de la (n + i)»eme generation. 



75 



20 



10. Macromolecule dendritique dont les ramifications contiennent des motifs qui correspondent a la formule 1: 



-CH, 



dans laquelle 



I 1 

C 

R. 3 

1 1 



-R 



(formule 1) 



m 



25 



i= 1, 2 ... m, 

Rj 2 et Rj 3 represented H ou un groupe aliphatique lineaire ou cyclique, aromatique, amido, ester ou nitro, F^ 2 
et R^ etant identiques ou differents, et Rj 2 et Rj 3 dans differentes generations etant identiques ou differents, 
m>2, 
R 4 est 



30 5 

CH 9 -Nv 

V 



35 



40 



45 



R 5 represente H ou un motif de la generation suivante, 
R 6 est H ou un motif de la generation suivante. 
R 5 et R 6 dans chaque groupe 



et dans chaque generation pouvant §tre identiques ou differents. 



11. Macromolecule dendritique selon la revendication 10, caracterisee en ce que sont presents au moins 4 motifs qui 
correspondent a la formule 1 . 

so 

12. Precede pour la preparation d'une macromolecule dendritique selon Tune queiconque des revendications 1 a 11 , 
caract6ris6 en ce que le proc6d6 comprend les etapes a) a c): 

a) pratiquement chaque groupe fonctionnel de la molecule du noyau est mise en reaction avec des groupe- 
55 ments halogenocyanure, par une reaction de substitution nucieophile, 

b) pratiquement chaque groupe cyanure incorpore est reduit en une amine, 

c) pratiquement chaque groupe amino est mis en reaction avec des motifs halogenocyanure monomferes, par 
une reaction de substitution nucieophile, 
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les Stapes b) et c) etant effectives alternativement, et le precede pouvant etre interrompu apres I'etape a), b) ou c). 

1 3. Procede selon la revendication 1 2, caracterise en ce que les etapes de reaction a) et c) sont etf ectuees en solution, 
le solvant appartenant au groupe constituS par I'eau, des alcools et des acides carboxyliques. 

5 

14. Procede selon la revendication 13, caracterise en ce que le solvant est Pethanol. 

15. ProcedS selon la revendication 12, caracterisS en ce que, dans des Stapes intermediates effectuSes au lieu de 
I'etape c), pratiquement chaque groupe amino est mis en reaction avec des motifs cyanure de vinyle, dans une 

10 addition de Michael. 

16. ProcSde selon la revendication 15, caracterise en ce que le cyanure de vinyle est choisi parmi I'acrylonitrile, le 
methacrylonitrile et le fumarodinitriie. 

15 17. Procede selon Tune quelconque des revendications 12 a 15, caracterise en ce que le solvant dans lequel a lieu 
la reaction d'hydrogenation est un alcool qui contient une certaine quantite d'ammoniac, le rapport molaire de 
I'ammoniac au nombre de groupes cyanure etant superieur a 0,8 et inferieur a 50. 

18. Proc6de selon Tune quelconque des revendications 12 a 17, caracterise en ce que le catalyseur utilise dans la 
20 reaction d'hydrogenation est le nickel de Raney ou le cobalt de Raney. 

19. Procede selon Tune quelconque des revendications 12 a 18, caracterise en ce que, dans la reaction d'hydroge- 
nation, le rapport ponderal de la quantite de catalyseur au dendrtmere a terminaison cyanure est inferieur a 50 % 
en poids. 

25 
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